Most studies of coherent synchrotron radiation (CSR) have considered only the radiation from independent dipole magnets. However, in the damping rings of future linear colliders and many high luminosity factories, a large fraction of the radiation power will be emitted in damping wigglers. In this paper, the longitudinal wakefield and impedance due to CSR in a wiggler are derived in the limit of a large wiggler parameter K. After an appropriate scaling, the results can be expressed in terms of universal functions, which are independent of K. Analytical asymptotic results are obtained for the wakefield in the limit of large and small distances, and for the impedance in the limit of small and high frequencies.
INTRODUCTION
Many modem advanced accelerator projects call for short bunches with low emittance and high peak current where coherent synchrotron radiation (CSR) effects may play an important role. CSR is emitted at wavelengths longer than or comparable to the bunch length whenever the beam is deflected [I] . The stringent beam requirements needed for short wavelength Self-Amplified Spontaneous Emission (SASE) free-electron lasers have led to intensive theoretical and experimental studies [21 over the past few years where the focus has been on the magnetic bunch compressors required to obtain the high peak currents. In addition to these single-pass cases, it is also possible that CSR might cause a microwavelike beam instability in storage rings. A theory of such an instability in a storage ring has been recently proposed in Ref. [3] with experimental evidence published in [41.
The previous study of the CSR induced instability assumed that the impedance is generated by the synchrouon radiation of the beam in the storage ring bending magnets [3] . In some cases (e.g. the Next Linear Collider (NLC) damping ring [5]), a ring will include magnetic wigglers which introduce an additional contribution to the radiation impedance. The analysis of the microwave instability in such a ring requires knowledge of the impedance of the synchrotron radiation in the wiggler. Although there have been earlier studies of the coherent radiation from a wiggler or nndulator [6, 71 , the results of these papers cannot be used directly for the stability analysis.
In this paper, we derive the CSR wake and impedance for a wiggler. We focus our attention on the limit of a large wiggler parameter K because this is the most interesting 
ENERGY LOSS AND LONGITUDINAL WAKE IN WIGGLER
The longitudinal wake is directly related to the rate of energy loss dEldt of an electron in the beam propagating in a wiggler. For a planar wiggler, a general expression for d&/dt as a function of the position s of the electron in the bunch and the coordinate z in the wiggler was derived in Ref. [7] . We reproduce here the results of that work using the authors' notation:
where X(s) is the bunch lineardensity,
and A is the solution of the transcendental equation
In the above equations, we use the following dimensionless variables: B = y2 k, s and i = k , %. The parameter A is equal to k, ( z -zv). where % and zy are the projected coordinates on the wiggler axis of the current position of the test particle and the retarded position of the source particle, respectively. The internal coordinate s is defined so that the bunch head corresponds to a larger value of s than the tail. The wiggler parameter K is approximately K zs 93.4 B, A, , with B, the peak magnetic field of the wiggler in units of Tesla and A, the period in meters. In addition, y is the Lorentz factor, e is the electron charge, cis the speed of light in vacuum, and k, = 27r/X, is the wiggler wave number. Note that the function D is a periodic function of i with a period equal to ?r. Also note that, despite assuming K >> 1, we still assume a small-angle orhit approximation, i.e., Kly << 1.
We introduce the longitudinal wake W ( s ) of the bunch as the rate of the energy change averaged over the z coordinate: rameter K is eliminated from this equation
WAKEFIELD
Using Eq. (6) and (10) we find is also large, and Eq. (9) can be further simplified 
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It is easy to check that the function P is periodic, F ( [ + n/2) = F(<). and P(0) = 0, F(7r/4) = -1 in agreement with Eq. (12). The average value P(C) is equal to (12) -112. Since P is periodic in C with a period of 7112, using Eq. (16), we can obtain a Fourier series representation for
F(C).
The corresponding long-range wake is then and the singularity is integrable.
We plot the function G(<) calculated by numerical inte-1 n^ gration in Fig. 1. A characteristic at[ = ZLE 0; 2 with n = 1,2,. . .. These are the "x" points in Fig. I, showing very good agreement with the numerical result. The longitudinal wake given in Eq. (7) will reach infinity when approaching the maxima and minima from one side, and negative infinity on the other side.
In the limit C c< 1, it follows from Eq. (9) that A << 1 as well. Equation (9) can then be solved using a Taylor and Cmax x 50. The contribution to the integral outside of this interval was calculated using asymptotic representations Eqs. (13) and (17). The resulting imaginary and real parts of the impedance are shown in Figs. 2 and 3 , respectively.
Simple analytical formulas for the impedance can be obtained in the limit of low and high frequencies. The low-frequency impedance corresponds to the first term in 
DISCUSSION AND CONCLUSION
In this paper, we derived the wakefield and the impedance for wigglers with K 2 / 2 >> 1 due to the synchrotron radiation. Analytical asymptotic results are ohrained for the wakes in the limit of small and large distances and for the impedance in the limit of small and high frequencies. The results obtained in this paper are used for the beam instability study due to the synchrotron radiation in wigglers [SI.
